2002? 4326B 1 10$29# 



A 



NO. 3380 P. 3/4 



(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publicat/on number: 11055082 A 

(43) Oate of publication of application: 26.02.99 



(51) Int. CI 



H03K 3/282 
H03K 5/08 
H03L 7/099 



(21) Application number: 09224469 

(22) Date of filing: 07.08.97 



(71) Applicant: NIPPON TELEGR & TELEPH 

CORP <NTT> 

(72) Inventor KISHINE KEIJI 

ICHINO HARUHIKO 
ISHIHARA NOBORU 



(54) VOLTAGE CONTROLLED OSCILLATOR AND PLL 
CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To expand the oscillation 
frequency range of a voltage controlled oscillator(VCO) 
circuit. 

SOLUTION: This VCO circuit is composed of an edge 
inclining circuit 1 where a 1st control signal Vd is 
applied and a hysteresis comparator circuit 2. In this 
case, sections (Q13-Q18, R7 and R8) are provided for 
controlling the output signal amplitude of a 1st 
differential pair (Q7 and Q8) in the hysteresis 
comparator circuit 2 and these sections are controlled 
by 2nd control signals (Vipf and VIpfn). 
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[Document Name] 

Specification 
[Title of the Invention] 

VOLTAGE CONTROL OSCILLATOR AND PLL CIRCUIT 
[Claims ] 

1 . A voltage control oscillator for changing an 
oscillation frequency by a first control signal comprising: 

an edge inclined circuit for outputting an input signal 
with delaying the rise and the fall thereof and enabling to 
control a charging current of an inner capacity by the first 
control signal to be inputted from the outside; and 

a hysteresis comparator circuit for inputting an output 
signal of the edge inclined circuit, reproducing the rise and 
the fall thereof steeply and positive f eedbacking it to the edge 
inclined circuit; 

wherein the hysteresis comparator circuit is provided 
with amplitude controlling means for controlling a signal 
amplitude by a second control signal to be inputted from the 
outside, so that an oscillation frequency is capable of being 
changed even by the second control signal. 

2. A voltage control oscillator; 
wherein the hysteresis comparator circuit according to claim 
1 comprising: 

a first differential circuit for inputting an output 
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signal of the edge inclined circuit; 

a second differential circuit for inputting -an output 
signal of the first differential circuit and making the 
generated output signal into an oscillation output signal; 

a feedback circuit for positive feedbacking the output 
signal of the second differential circuit to the output side 
of the first differential circuit and the edge inclined circuit; 
and 

a third differential circuit as the amplitude controlling 
means for controlling the output amplitude of the first 
differential circuit by the second control signal. 

3. A voltage control oscillator; 
wherein the hysteresis comparator circuit according to claim 
1 comprising: 

a first differential circuit for inputting an output 
signal of the edge inclined circuit; 

a second differential circuit for input-ting an output 
signal of the first differential circuit and positive 
feedbacking the output signal to the output side of the first 
differential circuit; 

a fourth differential circuit for inputting the output 
signal of the first differential circuit, making the generated 
output signal into an oscillation output signal and positive 
feedbacking it to the edge inclined circuit; and 

a third differential circuit as the amplitude controlling 
means for controlling the output amplitude of the first 
differential circuit by the second control signal. 
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4. A PLL circuit comprising: 

a phase comparator for comparing a phase of an input 
signal with a phase of an output signal and outputting a signal 
in association with its phase difference; 

a low pass filter for removing a high frequency component 
from the output signal of the phase comparator; and 

a voltage control oscillator for inputting the output 
voltage of the low pass filter, performing the oscillation 
operation and inputting the output for the phase comparison; 

wherein the voltage control oscillator according to 
claims 1 to 3 is used as the voltage control oscillator and the 
output voltage of the low pass filter is inputted in the voltage 
control oscillator as the second control signal and the first 
control signal is made into an external input signal . 

5. A PLL circuit comprising: 

a phase comparator for comparing a phase of an input 
signal with a phase of an output signal and outputting a signal 
in association with its phase difference; 

a low pass filter for removing a high frequency component 
from the output signal of the phase comparator; and 

a voltage control oscillator for inputting the output 
voltage of the low pass filter, performing the oscillation 
operation and inputting the output for the phase comparison; 

wherein the voltage control oscillator according to 
claims 1 to 3 is used as the voltage control oscillator and the 
output voltage of the low pass filter is inputted in the voltage 
control oscillator as the first control signal and the second 
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control signal is made into an external input signal. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[TECHNICAL FILED TO WHICH THE INVENTION PERTAINS] 

The present invention relates to a voltage control 
oscillator intending to broaden bandwidth in a frequency range 
capable of oscillating and a PLL (phase locked loop) intending 
to broaden bandwidth in a capture range by the use of this voltage 
control oscillator . 
[0002] 
[PRIOR ART] 

FIG. 5 is a circuit diagram for showing a constitution 
of a conventional voltage control oscillator (hereinafter, 
referred to as a "VCO circuit") . This VCO circuit is 
constituted of an edge inclined circuit 1 and a hysteresis 
comparator circuit 2" and it outputs two phases of oscillation 
signals CLK and CLKn from output terminals 01 and 02. The edge 
inclined circuit 1 is constituted of a transistors Ql and Q2 
for inputting a positive feedback signal, current source 
transistors Q3 and Q4 for controlling an oscillation frequency, 
emitter resistances Rl and R2 and a capacity C, so that a 
collector current (a charging current of the capacity C) is 
controlled by a control signal (a first control signal) to be 
applied to a control terminal SO. 
[0003] 

Alternatively, the hysteresis comparator circuit 2" has 
a first ECL (an emitter connection logic circuit) differential 
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pair of transistors Q7 and Q8 for inputting output signals of 
the transistors Q3 and Q4 of the edge inclined circuit 1 and 
amplifying these output signals, a second ECL differential pair 
of transistors Q5 and Q6 for inputting output signals of the 
first differential pair (Q7, Q8) and amplifying these output 
signals and transistors Q9 and Q10 for positive feedback for 
inputting the output signals of the second differential pair 

(Q5, Q6) and positive feedbacking these output signals to an 
output side of the first differential pair (Q7, Q8) as well as 
positive feedbaicking these output signals to the transistors 
Ql and Q2 of the edge inclined circuit 1. Reference numerals 
R3 and R4 denote negative resistances of a first differential 
pair (Q7 , Q8) and reference numerals R5 and R6 denote negative 
resistances of a second differential pair (Q5, Q6) . Reference 
numerals Qll and Q12 denote transistors for level shifting for 
shifting a level of a signal to be obtained at the output side 
of the second differential pair (Q5, Q6) and outputting it to 
the output terminals 01 and 02 and reference numerals II to 14 
denote current sources. Alternatively, a power supply voltage 
at the most significant side is grand (GND) and a power supply 
voltage at the negative side is VEE . 

[0004] 

The oscillation frequency of this VCO circuit inclines 
(elongates) the rise and the fall of a signal, which is inputted 
from the hysteresis comparator circuit 2" in the transistors 
Ql and Q2 of the edge inclined circuit 1, inputs its output signal 
in the transistors Q7 and Q8 of the hysteresis comparator 



5 



circuit 2" so that its edge is made steep to be reproduced and 
positive feedbacks the output signal which is obtained at the 
collector of the transistors Q5 and Q6 to a base of the 
transistors Ql and Q2 of the edge inclined circuit 1, so that 
the VCO circuit oscillates the output signal by the above 
described loop. 
[0005] 

The oscillation frequency of this VCC circuit is decided 
by controlling a charging current Ic [A] with respect to the 
capacity C at a control voltage Vd [V] to be applied to a control 
terminal SO. An oscillation frequency f [Hz] in a range in 
proportion to this control voltage Vd is approximately 
represented by the following formula. 

f gm • Vd/(4Vc • C) = Kd • Vd ... (1) 

In this case, it is that Kd = gm/ ( 4Vc ■ C) . Alternatively, 
"gm" is mutual conductance [A/V] and "Vc" is a constant number, 
which is decided by an on-voltage of a transistor and a 
hysteresis amount of the hysteresis comparator circuit 2". 
[0006] 

The maximum value of an oscillation frequency f of this 
VCO circuit is decided by the maximum value of the control 
voltage Vd. In this case, supposing that the maximum value of 
the control voltage Vd is Vdmax, the maximum oscillation 
frequency fmax [Hz] of the VCO circuit is obtained as follows. 

fmax = Kd • Vdmax ... (2) 

On the other hand, if the control voltage Vd becomes 
sufficiently small, the transistors Q7 and Q8 only serve as the 
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current pass of the charging current Ic, so that the oscillation 
frequency f in this case takes a constant value without 
depending on the control voltage Vd and its oscillation 
frequency becomes fmin. 
[0007] 

FIG. 6 shows a conversion gain property in the above 
described VCO circuit. In FIG. 6, a frequency range capable 
of oscillating frold [Hz] and a center frequency fcent [Hz] of 
the VCO circuit are indicates as follows. 

frold = Kd • Vdmax - fmin ... (3) 

fcent = (Kd • Vdmax + fmin) /2 ... (4) 

From the above formulas, the frequency range capable of 
oscillating of the VCO circuit becomes a range which is decided 
by the formula (3) centering on a frequency decided by the 
formula ( 4 ) . 
[0008] 

[TASK TO BE SOLVED BY THE INVENTION] 

As described above, according to the conventional VCO 
circuit, it is not possible to oscillate the signal in a range 
other than a frequency range to be decided in a variable range 
of the control voltage Vd. Therefore, the conventional VCO 
circuit involves a problem such that the variable oscillation 
range is limited by the variable range of the control voltage 
Vd. 

[0009] 

Alternatively, a PLL circuit having a VCO circuit as one 
constitutional element thereof cannot perform the retracting 
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operation in a frequency range capable of oscillating other than 
the oscillation frequency range of the VCO circuit. In this 
case, in the case of applying the conventional VCO circuit to 
the PLL circuit, a direct current output signal of the low pass 
filter is inputted in this VCO circuit as a control voltage Vd. 
However, the retracting center frequency of the PLL circuit and 
the capture range are not available in a range other than a 
frequency range to be decided by the formulas (3) and (4) . In 
other words, the conventional VCO circuit involves a problem 
such that, when' this VCO circuit is applied to the PLL circuit, 
it cannot be synchronized with an input signal having a 
frequency in a range other than the oscillating range (frold) 
shown in FIG. 6. 
[0010] 

The present invention has been made taking the foregoing 
problems into consideration, an object of which is to provide 
a voltage control oscillator intending to broaden bandwidth in 
a frequency range capable of oscillating and a PLL circuit 
intending to broaden bandwidth in a capture range by the use 
of this voltage control oscillator. 
[0011] 

[SOLUTION FOR THE TASK] 

In order to attain the above described purpose, a first 
invention comprises a voltage control oscillator for changing 
an oscillation frequency by a first control signal comprising: 
an edge inclined circuit for outputting an input signal with 
delaying the rise and the fall thereof and enabling to control 
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a charging current of an inner capacity by the first control 
signal to be inputted from the outside; and a hysteresis 
comparator circuit for inputting an output signal of the edge 
inclined circuit, reproducing the rise and the fall thereof 
steeply and positive feedbacking it to the edge inclined 
circuit; wherein the hysteresis comparator circuit is provided 
with amplitude controlling means for controlling a signal 
amplitude by a second control signal to be inputted from the 
outside, so that an oscillation frequency is capable of being 
changed even by the second control signal. 

In view of the first invention, a second invention 
comprises a voltage control oscillator; wherein the hysteresis 
comparator circuit according to claim 1 comprising: a first 
differential circuit for inputting an output signal of the edge 
inclined circuit; a second differential circuit for inputting 
an output signal of the first differential circuit and making 
the generated output signal into an oscillation output signal; 
a feedback circuit for positive feedbacking the output signal 
of the second differential circuit to the output side of the 
first differential circuit and the edge inclined circuit; and 
a third differential circuit as the amplitude controlling means 
for controlling the output amplitude of the first differential 
circuit by the second control signal. 

In view of the first invention, according to a third 
invention, the hysteresis comparator circuit according to claim 
1 comprises a first differential circuit for inputting an output 
signal of the edge inclined circuit; a second differential 
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circuit for inputting an output signal of the first differential 
circuit and positive feedbacking the output signal to the output 
side of the first differential circuit; a fourth differential 
circuit for inputting the output signal of the first 
differential circuit, making the generated output signal into 
an oscillation output signal and positive feedbacking it to the 
edge inclined circuit; and a third differential circuit as the 
amplitude controlling means for controlling the output 
amplitude of the first differential circuit by the second 
control signal.' 

A fourth invention comprises a PLL circuit comprising: 
a phase comparator for comparing a phase of an input signal with 
a phase of an output signal and outputting a signal in 
association with its phase difference; a low pass filter for 
removing a high frequency component from the output signal of 
the phase comparator; and a voltage control oscillator for 
inputting the output voltage of the low pass filter, performing 
the oscillation operation and inputting the output for the phase 
comparison; wherein the voltage control oscillator according 
to claims 1 to 3 is used as the voltage control oscillator and 
the output voltage of the low pass filter is inputted in the 
voltage control oscillator as the second control signal and the 
first control signal is made into an external input signal. 

A fifth invention comprises a PLL circuit comprising: a 
phase comparator for comparing a phase of an input signal with 
a phase of an output signal and outputting a signal in 
association with its phase difference; a low pass filter for 
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removing a high frequency component from the output signal of 
the phase comparator; and a voltage control oscillator for 
inputting the output voltage of the low pass filter, performing 
the oscillation operation and inputting the output for the phase 
comparison; wherein the voltage control oscillator according 
to claims 1 to 3 is used as the voltage control oscillator and 
the output voltage of the low pass filter is inputted in the 
voltage control oscillator as the second control signal and the 
second control signal is made into an external input signal. 
[0012] 

[MODE FOR CARRYING OUT THE INVENTION] 

[A first embodiment] 

FIG . 1 shows a constitution of a VCO circuit according 
to a first embodiment of the present invention. In FIG. 1, the 
same or similar reference numerals are applied to the same or 
similar parts and elements in FIG . 5 . In the present embodiment, 
transistors Q13 and Q14 comprising a third ECL differential pair 
are provided, transistors Q15 and Q16 comprising a fifth ECL 
differential pair are connected to a collector side of the 
transistor Q13 as one of the transistors Q13 and Q14 and 
transistors Q17 and Q18 comprising a sixth ECL differential pair 
are connected to a collector side of the transistor Q14 as 
another one of the transistors Q13 and Q14. Alternatively, 
resistances R7 and R8 are connected in series to the resistances 
R3 and R4 between the emitter of the transistors Q9 and Q10 for 
positive feedback and the collector of the transistors Q7 and 
Q8 comprising the first ECL differential pair and a common 



11 



connection point of resistances R3 and R7 and a common 
connection point of resistances R4 and R8 are connected to a 
collector of the transistors Q16 and Q15, respectively. 
Additionally, the bases of these transistors Q15 and Q17 are 
connected to the collector of the transistor Q7 and the bases 
of these transistors Q16 and Q18 are connected to the collector 
of the transistor Q8, respectively. In FIG. 1, reference 
numerals SI and S2 denote control terminals. 
[0013] 

In this 'circuit, by controlling the base electric 
potential of the transistors Q13 and Q14 comprising the third 
ECL differential pair, namely, control voltages (a second 
control signal) Vlpf and Vlpfn (Vlpfn is a turn over voltage 
of a voltage Vlpf) of the control terminals SI and S2, amplitudes 
of voltages to be generated between the resistances R3 and R7 
and between the resistances R4 and R8 in a hysteresis comparator 
circuit 2 are controlled, so that time for the rise and the fall 
of the signals in the hysteresis comparator circuit 2 is changed 
and the delay is controlled. 
[0014] 

In this way, according to the present embodiment, it is 
possible to change the circuit delay of the hysteresis 
comparator circuit 2 from the outside, so that it is possible 
to control time to input the input signal from the edge inclined 
circuit 1 in the edge inclined circuit 1 again (namely, time 
until the feedback is performed) . Accordingly, not only in the 
case of the control voltage Vd (a first control signal) but also 
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in the case of the control voltages Vlpf , Vlpfh (a second control 
signal), the oscillation frequency control is available. In 
this case, if the control voltage Vlpf is increased (namely, 
the Vlpfh is decreased) , the output voltage amplitudes of the 
transistors Q7 and Q8 are increased, so that the delay is also 
increased and the oscillation frequency is lowered. If the 
control voltage Vlpf is decreased, the oscillation frequency 
is heightened adversely. 
[0015] 

FIG. 7 shows a property of an oscillation frequency in 
the VCO circuit shown in FIG. 1.. Supposing a range of the 
frequency, which can be controlled by the above control voltages 
Vlpf and Vlpfn, as frenew [Hz], it is possible to realize a VCO 
circuit, in which a center frequency is a frequency within the 
oscillation frequency range frold of the VCO circuit shown in 
FIG. 5 and which is capable of oscillating to the range of frenew. 
In other words, the frequency range has been substantially 
enlarged by the frequency range of frenew. 
[0016] 

[A second embodiment] 

FIG. 2 shows a constitution of a VCO circuit according 
to a second embodiment of the present invention. Comparing the 
VCO circuit shown in FIG. 1, the transistors Q9 and Q10 for 
positive feedback are deleted in this hysteresis comparator 
circuit 2' , so that the operation at a lower voltage becomes 
possible. In FIG. 2, transistors Q19 and Q20 are emitter 
followers for transmitting signals generated at the first 
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differential pair (Q7, Q8) to a fourth ECL differential pair 
of transistors Q21 and Q22. Resistances R9 and RIO correspond 
to the resistances R7 and R8 and resistances Rll and R12 are 
negative resistances of the forth differential pair (Q21, Q22) . 
The output signal of the forth differential pair is outputted 
to a level shift circuit (Qll, Q12) and then, it is feedbacked 
to the edge inclined circuit 1 as a positive feedback voltage. 
[0017] 

In this way, the second embodiment is constituted in such 
a manner that a route for positive f eedbacking the output signal 
of the second differential pair (Q5, Q6) to the first 
differential' pair (Q7, Q8) (namely, a main body of the 
hysteresis comparator circuit) and a route f or ' outputting the 
output signal of the first differential pair (Q7, Q8) as an 
oscillation signal as well as positive feedbacking it to the 
edge inclined circuit 1 are separately provided, so that the 
transistors Q9 and Q10 for positive feedback, which are required 
in FIG. 1, become useless. Alternatively, according to the 
second embodiment, it is possible to enlarge the oscillation 
frequency range as same as the VCO circuit shown in FIG. 1. 
[0018] 

As a result, a power supply voltage of 2Vbe (Vbe is a 
voltage between a base and an emitter of a transistor) is also 
available in the VCO circuit, although 3Vbe is required in the 
VCO circuit shown in FIG. 1 as a power supply voltage . Therefore, 
it is possible to lower the power supply voltage by lVbe . 
Specifically, this reduced voltage is about 0.9V. 
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[0019] 

[A third embodiment] 

FIG. 3 shows a constitution of a PLL circuit according 
to a third embodiment of the present invention. In FIG. 3, a 
reference numeral 11 denotes a phase comparator for comparing 
a phase of the input signal (a repeat pattern of 0, 1 (a clock 
signal or the like) and a phase of the output signal and 
outputting a signal in association with this phase difference, 
a reference numeral 12 denotes a low pass filter for removing 
a high frequency component from a signal to be outputted from 
the phase comparator 11, a reference numeral 13 denotes a gain 
control circuit for controlling the gain (namely, the loop gain) 
of the output signal of this low pass filter 12 from the outside 
and a reference numeral 14 denotes a VCO circuit. 

[0020] 

According to the present embodiment, as this VCO circuit 
14, the above described VCO circuit shown in FIGS. 1 and 2 is 
used. By providing the control voltage Vd as the first control 
signal to the control terminal SO from the outside, it is 
possible to broaden bandwidth in the, capture range by setting 
a self-oscillating frequency of the PLL circuit in the vicinity 
of the frequency of the input signal and inputting the two phases 
of the output signals Vlpf and Vlpfn of the low pass filter 12 
to the control terminals SI and S2 as the second control signal 
through the gain control circuit 13. In other words, the 
self-oscillating frequency is variable by the frequency range 
capable of oscillating of the VCO circuit shown in FIG. 6 and 
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further, the retracting operation becomes possible by the 
oscillation frequency variable bandwidth by a circuit, which 
is newly added in FIGS . 1 and 2 . In this case, if the VCO circuit 
according to the second embodiment is used, a PLL circuit at 
further lower power supply voltage is capable of being realized. 
[0021] 

Alternatively, in the present embodiment, the gain 
control circuit 13 is inserted for jitter control (particularly, 
jitter transfer) . In the case of controlling the jitter 
property of the PLL circuit from the outside, such a gain control 
circuit becomes necessary. A reference numeral 13a denotes a 
control terminal. 
[0022] 

FIG. 4 shows a constitution of a PLL circuit according 
to other embodiment. In FIG. 4, a reference numeral 21 denotes 
a DFF circuit for taking in an input signal (data) , a reference 
numeral 22 denotes a D latch circuit for retiming, a reference 
numeral 23 denotes a phase comparator for comparing a phase of. 
an input signal with a phase of an output signal of the DFF 
circuit 21, a reference numeral 24 denotes a sample and hold 
circuit, a reference numeral 25 denotes a low pass filter, a 
reference numeral 26 denotes a gain control circuit for 
adjusting loop gain, a reference numeral 27 denotes a VCO 
circuit, a reference numeral 28 denotes a 90 degrees' delay 
circuit and a reference numeral 29 denotes an EXOR circuit. 
[0023] 

In this circuit, as an input signal, the random data (a 
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PN pattern or the like) are inputted. A clock signal is 
extracted from the inputted random data and by the use of this 
clock signal, this circuit performs retiming of the input signal 
(ref . N. Ishihara, et al. : "A Monolithic 156Mb/t Clock and Data 
Recovery PLL Circuit Using the Sample and-Hold Technique", IEEE 
J. SC vol. 29, No. 12, Dec. 1994, pp.1566 - 1571). 
[0024] 

Additionally, according to the above described 
constitutions shown in FIGS. 3 and 4, contrary to the above 
explanation, it is also possible that the outputs of the gain 
control circuits 13 and 2 6 are inputted in the control terminal 
SO of the VCO circuits 14 and 27 as the first control signal 
and the control voltage from the outside is inputted in the 
control terminals SI and S2 and the second control signal. 
[0025] 

[EFFECT OF THE INVENTION] 

As described above, according to the first to third 
inventions, other than controlling the edge inclined circuit 
by the first control signal to control the oscillation frequency, 
it is possible to control the oscillation frequency by 
controlling the signal bandwidth of the hysteresis comparator 
circuit, so that the bandwidth of the frequency variable range 
is capable of being broadened. Alternatively, according to the 
third invention, the power supply voltage is capable of being 
lowered. Further, according to the fourth and fifth inventions, 
it is possible to broaden the bandwidth in the capture range 
of the PLL circuit. 
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[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

FIG. 1 is a circuit diagram of a voltage control 
oscillation circuit according to a first embodiment of the 
present invention . 
[Fig. 2] 

FIG. 2 is a circuit diagram of a voltage control 
oscillation circuit according to a second embodiment of the 
present invention . 
[Fig. 3] 

FIG. 3 is a circuit diagram according to a PLL circuit 
according to a third embodiment of the present invention. 
[Fig. 4] 

FIG. 4 is a circuit diagram of a PLL circuit according 
to a modified embodiment of the present invention. 
[Fig. 5] 

FIG. 5 is a circuit diagram of a conventional voltage 
control oscillation circuit. 
[Fig. 6] 

FIG. 6 is an oscillation property diagram of a voltage 
control oscillation circuit shown in FIG. 5. 
[Fig. 7] 

FIG. 7 is an oscillation property diagram of a voltage 
control oscillation circuit according to the first and second 
embodiments . 

[EXPLANATION OF REFERENCE NUMERALS] 
1: edge inclined circuit 
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2, 2', 2": hysteresis comparator circuit 



19 



[Document Name] 
Abstract 
[Abstract] 
[Task] 

To enlarge an oscillation frequency range of a VCO 
circuit • 
[Solution] 

In a VCO circuit, which is comprised of an edge inclined 
circuit 1 to be applied with a first control signal Vd and a 
hysteresis comparator circuit 2, a portion for controlling an 
output signal amplitude of a first differential pair (Q7, Q8) 
of the hysteresis comparator circuit 2 (Q13 to Q18, R7, R8) is 
provided and a second control signal (Vlpf, Vlpfn) controls this 
portion . 

[Selected Drawing] FIG. 1 
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mm 

FIG. 1 

1: (edge inclined circuit) 

2: (hysteresis comparator circuit) 

FIG. 2 

1: (edge inclined circuit) 

2' : (hysteresis comparator circuit) 

FIG. 3 

11: phase comparator 
13: gain control circuit 
(input signal) 
(output signal) 

FIG. 4 
22: D-latch 
23: phase comparator 
24: S/H circuit 
26: gain control circuit 
28: 90 degrees' delay circuit 
(input signal) 
(retiming data output) 
(clock signal output) 

FIG. 5 

1: (edge inclined circuit) 
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2": (hysteresis comparator circuit) 
FIG. 6 

Oscillation frequency f [Hz] 

frold (frequency capable of being oscillated) 
control voltage Vd [V] 

FIG. 7 

A: frequency range capable of oscillating according to the 
present invention 

B: conventional frequency range capable of oscillating (frold) 
Center frequency variable range according to the present 
invention 

Oscillation frequency f [Hz] 
control voltage Vd [V] 
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